Electron microscopic examination of ultrathin sections of a continuous cell line of ovine kidney (OK) origin, infected by bovine respiratory syncytial virus (BRSV), revealed the presence of well defined bridges between virus particles. This is the first report of this novel structure. Observation of ultrathin sections of human RSV Long strain also grown on OK cells did not show inter-particle bridges and therefore suggested that this structure could be specific to BRSV. The biological significance of these bridges is not clear at this time; a possibility is that the bridges are formed by the fusion protein of BRSV which is known to cause cell fusion. Besides the structural implications, the importance is in relation to purification strategies for this virus, which must now take into account that most of the viral particles occur in large aggregates.
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SUMMARY Electron microscopic examination of ultrathin sections of a continuous cell line of ovine kidney (OK) origin, infected by bovine respiratory syncytial virus (BRSV), revealed the presence of well defined bridges between virus particles. This is the first report of this novel structure. Observation of ultrathin sections of human RSV Long strain also grown on OK cells did not show inter-particle bridges and therefore suggested that this structure could be specific to BRSV. The biological significance of these bridges is not clear at this time; a possibility is that the bridges are formed by the fusion protein of BRSV which is known to cause cell fusion. Besides the structural implications, the importance is in relation to purification strategies for this virus, which must now take into account that most of the viral particles occur in large aggregates.
The genus Pneumovirus of the family Paramyxoviridae is composed of the human A and B subgroup strains of respiratory syncytial virus (HRSV) (Mufson et al., 1985) , the bovine strains (BRSV) and pneumonia virus of mice. The virion structure of the different members of this family is variable: particles observed by electron microscopy are generally filamentous or occasionally spherical. The envelope is derived from the host cell cytoplasmic membrane and contains viral proteins that form surface projections or spikes. The nucleocapsid has a helicoidal symmetry and can attain lengths of 1 Ixm (Matthews, 1982) .
The ultrastructure of HRSV has been previously described (Bloth et al., 1963; Norrby et al., 1970; B/ichi & Howe, 1973; Berthiaume et al., 1974) ; the particles are generally pleomorphic with a variable diameter of 100 to 350 nm. In addition to these pleomorphic forms, filamentous particles are frequently encountered with a diameter of 60 to 110 nm and lengths of up to 5 ~tm. The structure of a BRSV isolate has also been found, by negative staining, to be a roughly spherical particle with a diameter of 80 to 450 nm (Ito et al., 1973) .
As part of a larger study on BRSV, difficulties in the production and purification of viral particles forced us to look at infected monolayers in order to identify the reason for the low virus yields obtained. The present report identifies for the first time the presence of well defined bridges between virus particles, as seen in ultrathin sections, and provides an explanation for the low viral titres. Because of their size, most of the aggregates were lost during clarification of the viral supernatants, preceding viral concentration and purification. cultivated in equal parts of MEM and medium 199 with Hanks' salts, supplemented with 50 ~tg/ml of gentamicin and 5 ~ foetal bovine serum. Infected monolayers were incubated in serumfree medium. Fixation of infected cells was by incubation for 15 min at room temperature with 2.5 ~ (v/v) glutaraldehyde in 0-05 M-cacodylate buffer pH 7.2. The cells were separated from the 25 cm 2 flask surface with a rubber policeman and pelleted in an Eppendorf tube at 15 000 r.p.m. for 3 rain. Infected cell pellets were washed three times with a 3~ (w/v) sucrose solution in cacodylate buffer. The cell pellets were then post-fixed in 2~ (w/v) osmium tetroxide, dehydrated in acetone and embedded in Vestopal. Ultrathin sections were stained with 5~ (w/v) uranyl acetate for 20 min, followed by lead citrate for 5 min before examination. The different measurements made on virus particles and their substructures represent the means of 20 separate observations. Microscope magnification was calibrated with bovine catalase.
In ultrathin sections, BRSV appeared mainly as filamentous forms budding from the cytoplasmic membrane of infected cells (Fig. 1) . Their length varied considerably, with values of up to several micrometres. However, their diameter was relatively constant at 94.6 + 5 nm. This constancy in diameter permitted correlation between cross-section (c) and longitudinal (1) or oblique (o) sections. Particles showing a spherical form were interpreted as cross-sections of filamentous forms because of the internal arrangement of the nucleocapsid which constantly appeared as electron-dense dots (d), 14-2 + 2.9 nm in diameter (Fig. 4) .
The BRSV particles appeared to be surrounded by an electron-dense bilayer membrane (bin), 7.5 + 1.7 nm in diameter (Fig. 2) . In cross-section, well defined structures forming bridges (b) Fig. 3 Fig. 4 Fig. 3 . Inter-virus bridges at a 60 ° angle or less (arrow). Note that some bridges are attached to only one particle. Bar marker represents 100 rim. Fig. 4 . Condensed electron-dense spots at the virus periphery (arrows). Note that in longitudinal sections the nucleocapsid shows spiral patterns; in cross-sections, the nucleocapsid appeared as dots (d). Bar marker represents 100 nm. between particles were regularly observed; their length was 12 + 2.7 nm. The bridges were measured from the external viral membrane surfaces of linked virus particles. These bridges normally appeared as sharply defined repetitive structures made up of two to five double parallel electron-dense lines (Fig. 2) . The basic diameter of these structures was 16-8 ___ 0.8 nm for bridges composed of double electron-dense lines, since single lines were never observed. However, the overall diameter could be as wide as 45 nm (five dense lines) according to the number of units. The most frequent observation was that the bridges were composed of two or three electrondense lines; four or five line bridges were only occasionally seen. When several bridges on a virus particle were observed, their overall lengths were identical. A prominent feature of these bridges was their arrangement at 60 ° angles, causing the appearance of a network of virus particles. Elsewhere, amorphous material was encountered around virus particles, with a tendency to condense in electron-dense spots (Fig. 4, arrows) .
Observation of ultrathin sections of Vero cells or primary bovine kidney cells also revealed similar bridges between BRSV particles. In contrast, ultrathin sections of human Long strain virus grown on HEp-2 or OK cells did not exhibit inter-virus bridges. A field isolate of BRSV was also studied and shown to have similar inter-virus bridges.
In previous electron microscopic studies on human, bovine or caprine RS viruses (Norrby et al., 1970; B~ichi & Howe, 1973; Ito et al., 1973; Berthiaume et al., 1974; Lehmkuhl et al., 1980 ) the authors did not report the presence of inter-particle bridges. This feature seems to be unique to BRSV. Indeed, a retrospective analysis of many electron micrographs of ultrathin sections of HEp-2 cells infected with HRSV, made in this laboratory and dating back several years, did not reveal any evidence of bridges between virus particles.
The first question that comes to mind is: are the bridges related to the virus strain or the cell substrate? They are not likely to be related to the cell substrate since observations with other BRSV-infected cell lines, such as Vero cells or primary bovine kidney cells, consistently revealed bridges between viruses. A more likely explanation is that the bridges are dependent on the viral strain since only BRSV (A 51908 strain and a field isolate) showed them.
A further possibility is that the bridges are associated with the viral spikes, which are composed of the major 90K glycoprotein and the fusion protein dimer [120K: FI (49K) and F2 (20K)] (t)rvell . These structures were usually poorly defined at the outer edge of the particles, but they might condense between virions, forming the observed bridges. Indeed, the bridges usually originated from the thin layer at the outside of the particles, where spikes should be present. Their length never exceeded that of two spikes end to end. The high frequency of their presence in cross-sections of virus particles suggested a longitudinal arrangement along filamentous forms. This was corroborated by observations of parallel and equidistant filamentous particles in longitudinal sections; the space between filamentous forms appeared slightly electron-dense with occasional condensation of more electron-dense material. Elsewhere, in negative staining, spikes were encountered with possible junction or entanglement between particles.
There was some difficulty, however, in observing well defined spikes around virus particles, bridges excepted. The external thin electron-dense layer, described as the basal part of the crown of spikes showed fuzzy material at the outside, but without characteristic structure. Bridge material was also observed which had only one end attached to virus ( Fig. 3 ; also seen in Fig. 2) .
Other possible explanations for the observed bridges could involve a membranous origin or a relationship with nucleoprotein material since some electron micrographs seemed to show a continuity between bridge material and other virus structural components such as the double layer membrane or the internal nucleocapsid (Fig. 4) . Due to the thickness and the plane of section of the bridges, it is possible that their continuity with virus internal components could be an artefactual observation. The nucleocapsid was observed most of the time in cross-sections, while bridges between particles were apparently in longitudinal sections on the same electron micrograph.
Since inter-viral material was constantly observed associated only with virus particles, a final hypothesis could be that we are looking at material, coded by the BRSV genome, which can be either structurally well defined or have an amorphous appearance. Cell structures such as cytoplasmic membranes or microvilli never showed bridges.
In conclusion, the most probable explanation for these bridges is that they represent spike material, probably the fusion protein, and further experiments are in progress to examine this hypothesis and to investigate the biological significance of these bridges.
